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[57] ABSTRACT 
A speed reducer has an input member, an output mem 
ber provided coaxially with the input member and a 
cage disposed between opposite surfaces of the input 
member and the output member. The cage is formed 
with a plurality of pockets arranged circumferentially at 
equal intervals. A rolling element is received in ‘each 
pocket. The output member is formed with recesses 
arranged circumferentially at equal intervals, the num 
ber of which is unequal to the number of the rolling 
elements. The input member is provided with a contact 
surface for pressing the rolling elements against the 
bottoms of the recesses when the input member rotates. 
In another arrangement, a cylindrical output member is 
provided around a disk-shaped input member. Disks are 
rotatably mounted in the input member and having part 
of their outer periphery protruding from the outer pe 
riphery of the input member. Each disk is provided 
along the outer periphery thereof with recesses ar 
ranged at intervals corresponding to the pitch of said 
rolling elements and engageable with the rolling ele 
ments. 

1 Claim, 5 Drawing Sheets 
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SPEED REDUCER 

BACKGROUND OF THE INVENTION 

This invention relates to a speed reducer for reducing 
the rotation of an input member and transmitting the 
reduced rotation to an output member. ' 
As a speed reducer of the type in which an input 

member and an output member are arranged coaxially 
to transmit the rotation of the input member to the 
output member at a relatively high reduction rate, there 
is known a differential gear device having planet gears. 

Such a differential gear type speed reducer is made up 
of a large number of parts including a plurality of gears. 
Thus, it tends to be large in size and costly. 

SUMMARY OF THE INVENTION 

An object of this invention is to provide a compact 
speed reducer which obviates the abovesaid shortcom 
ings and which can achieve a relatively high reduction 
rate with a simple structure having a smaller number of 
parts. 1 

In order to solve these problems, in the first embodi 
ment of the invention, there is provided a speed reducer 
comprising an input member, an output member pro 
vided coaxially with the input member, a cage disposed 
between the input member and the output member, the 
cage being formed with a plurality of pockets arranged 
circumferentially at equal intervals, and a plurality of 
rolling elements received in the respective pockets, the 
output member being formed with recesses arranged 
circumferentially at equal intervals, the number of the 
recesses being different from the number of the rolling 
elements, the input member being provided with a 
contact surface for pressing the rolling elements one 
after another into the recesses when the input member 
rotates. 
The input member and the output member may both 

be in the form of disks having shafts. Otherwise, one of 
the input member and the output member may be in the 
form of a column with the other in the form of a cylin 
der. 

If both the input and output members are disk-shaped, 
they should be arranged coaxially so as to oppose to 
each other with a disk-shaped cage disposed therebe 
tween. 

If one of the input member and the output member is 
in the shape of a column and the other is in the shape of 
a cylinder, a cylindrical member should be provided 
outside the column-shaped member so as to be coaxial 
therewith, with a cylindrical cage disposed between the 
input and output members. 

In order to solve the same problems, in the second 
embodiment of the invention, there is provided a speed 
reducer comprising a disk-shaped input member, a cy 
lindrical output member extending along the circumfer 
ence of the input member, a cage disposed between the 
input member and the output member, the cage being 
formed with a plurality of pockets arranged circumfer 
entially at equal intervals between respective inner and 
outer peripheral surfaces of the input and output mem 
bers, a plurality of rolling elements received in the re 
spective pockets the output member being provided in 
the inner peripheral surface thereof with recesses ar 
ranged circumferentially at equal intervals, the number 
of the recesses being different from the number of the 
rolling elements, and disks rotatably mounted in the 
input member and having part of their outer peripheral 
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2 
surface protruding from the outer periphery of the input 
member, each disk being provided along the outer pe~ 
riphery thereof with recesses arranged at intervals cor 
responding to the pitch of the rolling elements and 
engageable with the rolling elements. 

In both the ?rst and second embodiments, the number 
of the rolling elements and the number of the recesses 
are unequal. Thus, only one of the rolling elements can 
fit snugly into one of the recesses, with the other rolling 
elements unable to fit in the respective recesses snugly 
but located offset from the center of the recesses. 

Namely, in the ?rst embodiment, only the rolling 
element which is located opposite to the highest portion 
of the contact surface formed on the input member can 
fit completely into the corresponding recess. On the 
other hand, in the second embodiment, some of the 
rolling elements are received in some of the recesses of 
the disks which protrude outwardly from the outer 
periphery of the input member. Only these rolling ele 
ments can fit perfectly into the recesses in the output 
member. 

In the ?rst embodiment, when the input member is 
turned, the circumferentially arranged rolling elements 
are pushed by the contact surface one after another to 
fit perfectly into respective ones of the recesses. The 
rolling elements are located offset from the centers of 
the respective recesses before ?tting perfectly into the 
recesses by being pushed by the contact surface. Thus, 
the output member is rotated by the force produced 
when the rolling elements get into the recesses, by the 
amount corresponding to such offsets. 
In the second embodiment, when the input member 

rotates, the disks revolve about the center of the input 
member and rotate about their respective centers by the 
engagement between the recesses in the disks and the 
rolling elements. By such revolving and rotating mo 
tion, the circumferentially arranged rolling elements are 
pushed outward one after another and get into the re 
cesses. Thus the output member rotates. 

If the number of the rolling elements is smaller than 
the number of the recesses, the output member rotates 
in a direction opposite to the direction in which the 
input member rotates. If larger, it rotates in the same 
direction that the input member rotates. 
The speed reducer according to the present invention 

comprises a small number of parts, that is, the input 
member, output member, cage, and rolling elements and 
has a very simple structure but can achieve a high re 
duction rate. Also, it is small in size and can be manufac 
tured easily. 
The only additional parts in the speed reducer in the 

second embodiment are disks. It can achieve effects 
similar to those of the speed reducer in the first embodi 
ment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and objects of the present invention 
will become apparent from the following description 
taken with reference to the accompanying drawings, in 
which: 
FIG. 1 is a vertical sectional front view of the ?rst 

embodiment of the speed reducer according to this 
invention; 
FIG. 2 is a cross-sectional plan view of the same; 
FIG. 3 is a development view of a portion of the 

same; 
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FIG. 4 is a vertical sectional front view of a second 
embodiment; 
FIG. 5 is a vertical sectional side view of the same; 
FIG. 6 is a vertical sectional front view of a third 

embodiment; 
FIG. 7 is a cross-sectional plan view of the same; and 
FIGS. 8A-8B are sectional views of other examples 

of the recesses. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIGS. 1-3 show the ?rst embodiment of the speed 
reducer according to this invention. 
The speed reducer of the ?rst embodiment comprises 

an input member 1, an output member 10 and a cage 20. 
The input member 1 has an input shaft 2 and a disk 3 

provided at one end of the input shaft 2. On the other 
hand, the output member 10 has an output shaft 11 and 
a disk 12 provided at one end of the output shaft. 
The input member 1 and the output member 10 are 

arranged coaxially with their respective disks 3 and 12 
axially opposed to each other. The cage 20 is provided 
between the disks 3 and 12. 
The cage 20 is in the form of a circular plate and has 

a cylindrical portion 21 axially extending at its outer 
circumference so as to cover the outer peripheral sur 
faces of the disks 3 and 12. 
A plurality of pockets 22 are formed in the cage 20 

near its outer circumference at circumferentially equal 
intervals. A rolling element 23 is received in each 
pocket 22. 
The rolling elements 23 are in the form of balls hav 

ing an outer diameter equal to or slightly smaller than 
the distance A between the opposite surfaces of the 
disks 3 and 12. 
The disk 12 of the output member 10 is provided with 

a plurality of recesses 13 that extend along the same 
circular path as that formed by the pockets 22. The 
number of the recesses 13 is smaller than that of the 
rolling elements 23. The recesses 13 may be semispheri 
cal dents as shown in FIG. 3 or grooves as shown in 
FIGS. 8A-8C. The grooves to extend radially. 

In the embodiment, the number of rolling elements 23 
and that of the recesses 13 are 36 and 35, respectively. In 
this arrangement, with only one of the rolling elements 
23 snugly ?tted in one of the recesses 13, the other 
rolling elements 23 are located offset from the centers of 
the respective recesses 13 by distances 8. The farther 
apart each of the other rolling elements 23 is from the 
snugly ?tting rolling element, the larger the distance 8. 
The rolling element located diametrically opposite the 
snugly ?tting rolling element 23 does not extend into 
the corresponding recess 13 at all but is located between 
the opposite surfaces of the disk 3 of the input member 
1 and the disk 12 of the output member 10. The disk 3 of 
the input member 1 has protrusions 4 for pushing the 
rolling elements 23 toward the recesses 13 when the 
input member 1 is rotated. The protrusion 4 is stepped 
so as to be the highest at its center and lowering gradu 
ally toward both ends thereof. The highest ?rst contact 
surface 50 has a height hl, which is substantially equal 
to the depth d0 of the recesses 13. The second contact 
surface 5b, the third contact surface 5c . . . and the n-th 
contact surface 5n, which extend continuously from the 
?rst contact surface 5a, have heights equal to the depths 
d1, d2 . . . and tin to which the rolling elements 23 
located opposite to the respective contact surfaces 5b, 
5c . . . and Sr: are received in the recesses 13. In place of 
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4 
such stepped contact surface 5, the entire bottom sur 
face of the disk 3 may be formed into a tapered urging 
surface which contacts the top of all the rolling ele 
ments 23. 

In operation, the input member 1 is rotated with the 
cage 20 ?xed to transmit its rotation to the output mem 
ber 10. 

Suppose now that the input member 1 is rotating in 
the direction of the arrow in FIG. 3 with the cage 20 
?xed. Then the circumferentially arranged rolling ele 
ments 23 will be pushed by the contact surface 5 of the 
protrusion 4 to move downward into the recesses 13. 
Due to the deviation 6 of the rolling element 23 being 
pushed by the ?rst contact surface 50 with respect to 
the center of the corresponding recess 13, the output 
member 10 will rotate in the direction of arrow b by the 
distance equal to the deviation when the rolling element 
gets completely into the recess. Since the ?rst contact 
surface 5a pushes the rolling elements 23 one after an 
other, the output member 10 will rotate continuously. 

_ Since the number of the rolling elements 23 is greater 
than that of the recesses 13, every rotation of the input 
member 1 will cause the output member 10 to rotate in 
the opposite direction with respect to the input member 
1 by a distance equal to (the number of the recesses 
minus the number of the rolling elements)/the number 
of the rolling elements. Namely, if the number of the 
recesses 13 and that of the rolling elements 23 are 36 and 
35, respectively, every rotation of the input member 1 
will cause the output member 10 to rotate in a reverse 
direction by l/35. 
FIGS. 4 and 5 show the second embodiment of the 

speed reducer according to'this invention. The second 
embodiment comprises a cylindrical input member 1, a 
cylindrical output member 10 coaxially provided 
around the inner member 1 and a cylindrical cage 20 
provided between the members 1 and 10. The cage 20 
has ?anges 24 to prevent the axial separation of the 
members 1 and 10 from each other. 
A plurality .of pockets 22 are formed in the cage 20 at 

circumferentially equal intervals. A rolling element 23 
is received in each pocket 22. 
The output member 10 is provided in the inner pe 

ripheral surface thereof with recesses 13 at circumferen 
tially equal intervals, the number of which is smaller 
than that of the rolling elements 23. If the recesses 13 
are in the form of grooves as shown in FIG. 8, such 
grooves should be formed to extend axially. 
The input member 1 is provided on the outer periph 

eral surface thereof with a protrusion 4 having a contact 
surface v5. The circumferentially arranged rolling ele 
ments 23 are pushed into the recesses 13 by the contact 
surface 5 one after another to allow the output member 
10 to be rotated in a reverse direction at a slow speed 
with respect to the input member 1. In order to 
smoothly rotate the input member 1 and the output 
member 10 relative to the cage 20, rolling elements such 
as balls are preferably interposed. between the input 
member 1 and the ?anges 24 of the cage 20 and between 
the output member 10 and the ?anges 24. 

In the second embodiment, the columnar input mem 
ber 1 is provided inside the cylindrical output member 
10. But instead a cylindrical input member 1 having a 

v contact surface on the inner periphery thereof may be 
provided on a columnar output member 10 having re 
cesses on the outer peripheral surface thereof. In place 
of the protrusion 4, the outer peripheral surface of the 
input member 1 may be formed into a cylindrical sur 
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face as a contact surfaces which urges all the rolling 
elements 23. ‘ 

FIGS. 6 and 7 show the third embodiment of the 
speed reducer according to this invention. This embodi 
ment comprises a disk-shaped input member 1, a cylin 
drical output member 10 provided coaxially around the 
input member 1 and a cage 20 disposed between the 
members 1 and 10 and provided with pockets 22 ar 
ranged circumferentially at equal intervals. A rolling 
element 23 is received in each pocket 22. 
The output member 10 is provided in its inner periph 

eral surface with recesses 13 arranged at circumferen 
tially equal intervals, the number of the recesses being 
unequal to the number of the rolling elements 23. 
The input member 1 is formed with a disk housing 

space 6 which opens to the outer peripheral surface 
thereof. Disks 7 having part of their outer periphery 
protruding outwardly from the outer periphery of the 
input member 1 are rotatably mounted in the disk hous 
ing space 6. The disks 7 are provided at and along the 
outer periphery thereof with recesses 8 spaced apart at 
such intervals as to correspond to the pitch of the roll 
ing elements 23. 
The nubmer of disks 7 is determined according to the 

difference between the number of the recesses 13 and 
the number of the rolling elements 23. If the difference 
is two, two disks 7 are rotatably mounted on the input 
member 1 in a diametrically opposite relation. 

In the third embodiment, when the input member 1 
rotates, the disks 7 will revolve about the center of the 
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6 
rolling elements 23 are pushed outward and into the 
recesses 13, thus rotating the output member 10. 

In the ?rst to third embodiments, the rolling elements 
23 are shown as balls. But cylindrical rollers may be 
used instead. In any of the above embodiments, the 
number of the rolling elements 23 is greater than the 
number of the recesses. But the opposite arrangement is 
possible. In such an case, the output member can be 
rotated in a circumferential direction at a speed slower 
with respect to the input member. 
What is claimed is: 
1. A speed reducer comprising a disk-shaped input 

member having an outer peripheral surface, a cylindri 
cal output member extending along the circumference 
of said input member and having an inner peripheral 
surface opposite the outer peripheral surface of said 
input member, a cage disposed between said input mem 
ber and said output member, said cage being formed 
with a plurality of pockets arranged circumferentially at 
equal intervals between said peripheral surfaces of said 
input and output members, a plurality of rolling ele 
ments received in said respective pockets, said output 
member having a plurality of recesses in said inner pe 
ripheral surface thereof and said recesses being spaced 
circumferentially at equal intervals, the number of said 
recesses being different from the number of said rolling 
elements, and disks rotatably mounted in said input 
member and partially protruding radially from said 
outer peripheral surface of the input member, each said 
disk being provided along the outer periphery thereof 
with recesses arranged at intervals corresponding to the 
pitch of said rolling elements and engageable with said 
rolling elements. 
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